and analyzed in detail by COLE2 The giant axon of the Japan Sea squid, Doryteuthis bleekeri Keferstein, was used throughout the experiments.
This species of squid is available at Ine Fishermen's Cooperative Association at the northern part of Kyoto Prefecture.
The axon was dissected out for about 5 cm long and was carefully cleaned by removing a major portion surrounding connective tissues and small nerve fibers. The diameter of cleaned axon was between 0.4 and 0.7 mm.
The measuring chamber is shown in FIG. 1. An enamel-coated platinum wire of 100 microns in diameter was used as an internal axial electrode.
The tip of the wire was freed from the enamel for 5 mm in length and was then platinized.
Another platinized platinum wire of 500 microns in diameter was used as the external electrode. Both ends of measuring region of the axon were sealed with vaseline. Generally, impedances of these two electrodes were negligibly small at low frequency comparing with the impedance of the axon membrane.
However, it was needed to subtract these electrode impedances vectorially from the measured value at high frequency measurements. However, the error of measurements on each axon was about 1 per cent. Generally, Cp remained constant in the low frequency range , while it decreased in the high frequency range with the increase of frequency (FIG .  3) . On the other hand, Gp remained constant both at high and low frequency extremes.
The Changes of Cp and Gp During Excitation. About thirty years ago COLE and CURTIS1) showed a large impedance change during excitation of the squid axon membrane with a pair of external electrode system.
They concluded that such a large change was mainly caused by the large increase of the membrane conductance, while the change of the membrane capacity was negligibly small. Almost the same result was obtained with the transmembrane impedance measurements (FIG. 6) balanced at the resting state in one case (FIG. 6a) , while it was balanced at the peak of the action potential in another case (FIG. 6b) . The decrease of C.
was about 4 per cent at 5 kHz, 2 per cent at 10 kHz and 1 per cent at 20 kHz respectively. In other words, the decrease of C, was smaller, the larger the frequency.
These (1), (2) and (3). The impedance loci in various external K+ concentrations were almost semi-circle in the low frequency range, while these deviated clearly from the circle in the high frequency range.
It is clear from curves in this figure that changes in Cp and Gp with respect to the change in the external K+ concentration were large at low frequencies, while these were not detectable at high frequencies. Anyway, Cp at frequencies lower than 400 Hz remained almost constant for each K+ concentration.
Thus, Cp at 400 Hz in FIG. 7a 
DISCUSSION
Between internal and external electrodes there are several phases such as external solution, connective tissues, Schwann cell and axoplasm.
If the sum of the resistances, rs, of connective tissues, Schwann cell and else were comparable to or larger than the impedance of the axon membrane itself, the measured parallel capacity, Cp, would never be equal to the capacity of the axon membrane.
Fortunately, however, the parallel conductance, Gp, at low frequency extreme was generally less than 1 per cent of that at high frequency extreme (FIGS. 3 and 7). rs calculated from our results was about 5 ohm• cm2 on the average, which is of the same order as 7 ohm• cm2 of HODGKIN and HUXLEY'S result') and 3 ohm• cm2 of COLE et 0.2). Moreover, at the low frequency region the parallel capacity Cp remained practically constant notwithstanding the increase in Gp with the increase in the external K4-concentration beyond 80 mM. These results indicate that Cp at low frequency limit or practically at 400 Hz can be safely regarded as the capacity of the axon membrane. As mentioned earlier the impedance locus would be a perfect semi-circle, if the membrane impedance were to be expressed with a single time constant circuit such as shown in FIG. 4a . Clear deviation from a semi-circle such as shown in FIG. 5 or in FIG. 7b , therefore, cannot be explained with this type of circuit.
The impedance locus obtained by COLE and his college 2) in the axon membrane or some other cells was generally a circular arc. However, the center of this circular arc lied generally below the resistance axis. He explained such a property of the membrane as having a frequency-depending impedance with a constant phase angle. However, the physical nature of such TAYLOR6) concluded that the membrane capacity of the squid axon did not change under deterioration or depolarization down to -20 mv over a frequency range between 10 kHz and 70 kHz. However, the change in Cpdue to depolarization induced by high external K+ concentration was to be observed only with the low frequency measurement below about 2 kHz (FIGS. 7a and 7b). The maximum decrement of the capacity of the axon membrane was 10-25 per cent for the increase in the external K+ concentration up to 80-100 mM. The axon membrane is supposed to be full of monovalent cations at such a depolarized state or during excitation (TASAKI7)). The increase in the monovalent cation concentration in the membrane phase will shield the electrostatic force of negative fixed charge in the membrane structure, causing the decrease of capacity of the axon membrane.
Then, it may be also possible that the capacity (C1+C2) of the axon membrane decreases by 10-25 per cent during excitation.
However, it is not easy to prove this by the usual bridge method, since the duration of the action potential is of the order of one milli-second. This remains to be proved by another method. 
SUMMARY

